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(57) ABSTRACT 

There is provided an ink jet light-color ink Which is excellent 
in color developability and is capable of achieving compat 
ibility between environmental gas resistance and bronze 
resistance. The ink jet light-color ink to be used in combi 
nation With ink jet deep-color ink has a relatively large 
coloring material content, and comprises at least Water, a 
Water-soluble organic solvent, and a coloring material. The 
ink jet deep-color ink and the ink jet light-color ink satisfy 
speci?c conditions. 
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FIG. 3 
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INK JET LIGHT-COLOR INK, INK SET, INK JET 
RECORDING METHOD, INK CARTRIDGE, 

RECORDING UNIT, AND INK JET RECORDING 
APPARATUS 

[0001] This application is a continuation of International 
Application No. PCT/JP2005/0014245 ?led on Jul. 28, 
2005, Which claims the bene?t of Japanese Patent Applica 
tion No. 2004-221832 ?led on Jul. 29, 2004 and No. 
2005-216232 ?led on Jul. 26, 2005. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to an ink jet ink 
Which has high environmental gas resistance and provides 
good images in Which the occurrence of metallic luster, the 
so-called bronze phenomenon, is suppressed even When the 
ink is printed on a recording medium. The present invention 
also relates to an ink jet recording method, ah ink cartridge, 
a recording unit, and an ink jet recording apparatus each 
using the ink jet ink. 

[0004] 2. Related Background Art 

[0005] An ink jet recording method is a recording method 
of applying a small ink droplet to any one of recording 
media such as plain paper and glossy media to form an 
image, and has become rapidly Widespread oWing to a 
reduction in costs and improvement in recording rate. With 
the rapid spread of digital cameras in addition to improve 
ment in the quality of images recorded by the method, the 
method has been generally used as a method of outputting 
photographic images comparable to silver halide photo 
graph. 
[0006] In recent years, image quality has undergone 
improvement more than ever oWing to, for example, extreme 
reduction in siZe of an ink droplet and an improvement of the 
color gamut involved in the introduction of multi-color ink. 
MeanWhile, there have been groWing demands for coloring 
materials and ink, and stricter properties have been required 
in respect of improvement of color developability and 
reliability concerning anti-clogging or ejection stability. 

[0007] As compared With the silver halide photograph, the 
ink jet recording method is problematic in respect of, for 
example, the image storage stability of the resultant recorded 
article. In general, the recorded article obtained by the ink jet 
recording method is inferior in image storage stability to that 
by the silver halide photograph, and involves the emergence 
of a problem in that a coloring material on the recorded 
article is apt to deteriorate to cause a change in color tone of 
the image and the color fading of the image When the 
recorded article is exposed to light, humidity, heat, environ 
mental gases present in the air, or the like for a long period 
of time. In particular, the enhancement of environmental gas 
resistance to the level of silver halide photograph has been 
of a concern from the past in the ink jet recording method. 
Cyan has the loWest environmental gas resistance among 
yelloW, magenta, and cyan, Which are hues used for ink jet 
ink. Therefore, the enhancement of the environmental gas 
resistance of cyan ink to the level comparable to that of 
yelloW ink or magenta ink is of one important concern in the 
ink jet recording method. 

[0008] The basic skeletons of coloring materials for ink jet 
ink having a cyan hue are roughly classi?ed into a phtha 
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locyanine skeleton and a triphenylmethane skeleton. Rep 
resentative coloring materials of the former include C.I. 
Direct Blue 86 and 87, and CI. Direct Blue 199. Represen 
tative coloring materials of the latter include C.I. Acid Blue 
9. 

[0009] In general, a phthalocyanine-based coloring mate 
rial is characterized in that it is excellent in light resistance 
as compared to a triphenylmethane-based coloring material. 
Furthermore, the phthalocyanine-based coloring material 
has high fastness properties against humidity or heat and has 
good color developability, and so the coloring material has 
been Widely used as a coloring material for ink jet ink. 

[0010] HoWever, the phthalocyanine-based coloring mate 
rial tends to be poor in fastness against environmental gases 
in the air (such as oZone, Nox, or SOZ), especially an oZone 
gas. In particular, in a recorded product obtained by applying 
the coloring material on a recording medium having an 
ink-receiving layer containing an inorganic substance such 
as alumina or silica, the fastness is signi?cantly loW, hence 
the color fading of the recorded article is left standing in a 
room for a long period of time. Various compounds to be 
added to ink have been disclosed for the purpose of improv 
ing the environmental gas resistance (see, for example, 
Japanese Patent Application Laid-Open No. HOS-171085, 
Japanese Patent Application Laid-Open No. H11-29729, 
Japanese Patent Application Laid-Open No. H10-130517, 
Japanese Patent Application Laid-Open No. 2000-303009, 
and Japanese Patent Application Laid-Open No. 2002 
249677). HoWever, none of those publications has achieved 
compatibility betWeen good color developability and high 
environmental gas resistance for ink jet ink. 

[0011] The phthalocyanine-based coloring material 
involves another problem, that is, the occurrence of metallic 
luster resulting from the high aggregation properties of the 
coloring material, the so-called bronZe phenomenon. When 
the bronZe phenomenon occurs in a recorded article, the 
optical re?ection properties of the recorded article change. 
As a result, the color developability and hue of an image 
remarkably change, With the result that the image quality is 
signi?cantly loWered. The bronZe phenomenon is consid 
ered to occur as a result of the aggregation of the coloring 
material on the surface of a recording medium due to, for 
example, the high aggregation properties of the coloring 
material in ink and a loWering in permeability of the ink into 
the recording medium When the ink is applied to the record 
ing medium. In particular, a coloring material With an amino 
group introduced in its molecule for the purpose of improv 
ing environmental gas resistance, or an ink containing a 
coloring material having loW solubility in Water tends to 
signi?cantly cause the bronZe phenomenon. 

[0012] For example, it has been proposed that a speci?c 
phthalocyanine-based coloring material is used to improve 
the environmental gas resistance (see, for example, Japanese 
Patent No. 2942319). The use of the speci?c phthalocya 
nine-based coloring material provides the environmental gas 
resistance Which is of one concern in the phthalocyanine 
based coloring material. HoWever, in the proposition, there 
is no reference to the bronZe phenomenon, and hence, 
resistance to the bronZe phenomenon of the coloring mate 
rial is unclear. In other Words, the compatibility betWeen 
resistance to bronZe phenomenon (bronZe resistance) and 
environmental gas resistance has not yet been achieved. 
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[0013] Therefore, it is indispensable to conduct research 
on ink jet ink using a phthalocyanine-based coloring mate 
rial Which is excellent in color developability, has high 
environmental gas resistance, and suppresses the occurrence 
of the bronze phenomenon. 

SUMMARY OF THE INVENTION 

[0014] In particular, in recent years, in order to obtain a 
high-quality recorded article comparable to silver halide 
photograph, multiple inks having the same color tone and 
different coloring material concentrations have often been 
used in combination to form an image. To be speci?c, ink 
having a relatively large coloring material content (so-called 
deep-color ink) and ink having a relatively small coloring 
material content (so-called light-color ink) are used in 
combination to form an image. The combined use alloWs an 
image With reduced granularity at a light-color color portion 
and excellent in tone reproduction to be formed. 

[0015] HoWever, an image formed by means of light-color 
ink generally tends to be inferior in environmental gas 
resistance to an image formed by means of deep-color ink. 
In actuality, there arises a problem in that an image printed 
by means of conventional light-color ink is apparently 
inferior in environmental gas resistance to silver halide 
photograph. Accordingly, in an ink system using deep-color 
ink and light-color ink in combination, a coloring material 
for the light-color ink must be superior in environmental gas 
resistance to a coloring material for the deep-color ink. 

[0016] In particular, one possible approach to solving the 
problem is to increase the aggregation properties of a 
coloring material having a phthalocyanine skeleton in light 
color ink to enhance the environmental gas resistance of the 
ink. Although bronZe phenomenon generally tends to be 
more likely to occur as a coloring material concentration 
increases, no bronZe phenomenon has occurred at the col 
oring material concentration of conventional light-color ink. 
HoWever, it has been found that an increase in aggregation 
properties of a coloring material causes bronZe phenomenon 
to occur even in light-color ink having a coloring material 
content (mass %) of 0.5 mass % or more and less than 3.0 
mass % With respect to the total mass of the ink. 

[0017] The inventors of the present invention have made 
extensive studies to ?nd that the aggregation properties of a 
coloring material can be adequately controlled even in 
light-color ink having a coloring material content (mass %) 
of0.5 mass % or more and less than 3.0 mass % With respect 
to the total mass of the light-color ink by changing a kind of 
substituent of a compound represented by a general formula 
(I) or a salt thereof. The inventors have found that the 
adequate control provides good color developability, sup 
presses the occurrence of bronZe phenomenon, and provides 
excellent environmental gas resistance. 

[0018] When an image is to be formed on a recording 
medium by means of an ink jet recording apparatus 
equipped With deep-color ink and light-color ink, a high 
gradation is represented by applying a larger amount of the 
light-color ink than that of the deep-color ink at a light-color 
color portion of the image and applying a larger amount of 
the deep-color ink than that of the light-color ink at a 
deep-color color portion of the image. 

[0019] The studies made by the inventors of the present 
invention have found that since a large amount of each of 
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deep-color ink and light-color ink is applied around an 
intermediate portion in the gradation region of an image, the 
aggregation properties of a coloring material increases on a 
recording medium, so bronZe phenomenon tends to be likely 
to occur. 

[0020] Furthermore, as described above, an image formed 
by means of light-color ink generally tends to be inferior in 
environmental gas resistance to an image formed by means 
of deep-color ink, so higher aggregation properties must be 
imparted to a coloring material of the light-color ink than 
that of a coloring material of the deep-color ink. At this time, 
in order to suppress the occurrence of bronZe phenomenon 
over the entire gradation region, the deep-color ink is 
requested to have appropriate aggregation properties With 
Which bronZe phenomenon can be suppressed even When a 
letter is printed by means of the deep-color ink in combi 
nation With light-color ink containing a coloring material 
having high aggregation properties and to have high fast 
ness. 

[0021] The inventors of the present invention have made 
extensive studies to ?nd that the aggregation properties of a 
coloring material can be adequately controlled even in 
deep-color ink, Which has a coloring material content (mass 
%) set to be at least 3.0 mass % or more With respect to the 
total mass of the deep-color ink to maintain color develop 
ability comparable to that of conventional ink jet cyan ink, 
by changing a kind of substituent of a compound represented 
by the general formula (I) or a salt thereof. The inventors 
have found that the adequate control suppresses the occur 
rence of bronZe phenomenon and provides excellent envi 
ronmental gas resistance even When printing is performed by 
using deep-color ink having a coloring material concentra 
tion of 3.0 mass % or more and light-color ink in combi 
nation. 

[0022] The foregoing involves the emergence of a prob 
lem in that extremely high environmental gas resistance 
must be imparted to light-color ink to be used in combina 
tion With deep-color ink excellent in environmental gas 
resistance, but the impartment is apt to cause bronZe phe 
nomenon. In other Words, light-color ink Which is excellent 
in environmental gas resistance and causes no bronZe phe 
nomenon even When it is used in combination With deep 
color ink having good environmental gas resistance is 
needed. 

[0023] Therefore, an object of the present invention is to 
provide an ink jet light-color ink Which is excellent in color 
developability and is capable of achieving compatibility 
betWeen environmental gas resistance and bronZe resistance. 

[0024] Another object of the present invention is to pro 
vide an ink set, an ink jet recording method, an ink cartridge, 
a recording unit, and an ink jet recording apparatus each 
using the ink jet light-color ink. 

[0025] The above objects are achieved by the present 
invention described beloW. That is, according to one aspect 
of the present invention, there is provided an ink jet light 
color ink to be used in combination With ink jet deep-color 
ink having a relatively large coloring material content, the 
ink jet light-color ink comprising at least Water, a Water 
soluble organic solvent and a coloring material, character 
iZed in that the ink jet deep-color ink satis?es the folloWing 
conditions (1) and (2); and the ink jet light-color ink satis?es 
the folloWing conditions (3) to (5); 
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(Conditions) 
[0026] (1) The ink jet deep-color ink comprises at least a 
compound represented by the following general formula (I) 
or a salt thereof as a coloring material, and a content (mass 
%) of the coloring material is 3.0 mass % or more With 
respect to a total mass of the ink jet deep-color ink; 

[0027] (2) In a dispersion distance distribution, measured 
by a small-angle X-ray scattering method, of molecular 
aggregates in the deep-color ink Whose coloring material 
concentration is adjusted to 3.0 mass %, a dispersion dis 
tance d75 value corresponding to 75% of the distribution is 
6.50 nm or more and 7.10 nm or less; 

[0028] (3) The coloring material comprises a compound 
represented by the folloWing general formula (I) or a salt 
thereof, and a content (mass %) of the coloring material is 
0.5 mass % or more and less than 3.0 mass % With respect 
to a total mass of the ink jet light-color ink; 

[0029] (4) A content (mass %) of 2-pyrrolidone in the 
Water-soluble organic solvent is 50.0% or more With respect 
to the content (mass %) of the coloring material; 

[0030] (5) In a dispersion distance distribution, measured 
by a small-angle X-ray scattering method, of molecular 
aggregates in the light-color ink Whose coloring material 
concentration is adjusted to 0.5 mass %, a dispersion dis 
tance d75 value corresponding to 75% of the distribution is 
6.70 nm or more and 10.60 nm or less; 

General formula (I): 

Wherein M represents an alkali metal or ammonium; R1 and 
R2 each independently represent a hydrogen atom, a sulfonic 
group, or a carboxyl group (provided that R1 and R2 are not 
simultaneously a hydrogen atom); Y represents a chlorine 
atom, a hydroxyl group, an amino group, or a monoalky 
lamino or dialkylamino group; 1 represents 0 to 2, m 
represents 1 to 3, and n represents 1 to 3 (provided that 
1+m+n=3 to 4); and positions at Which substituents are 
present are 4- or 4'-positions. 
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[0031] According to another aspect of the present inven 
tion, there is provided an ink jet light-color ink to be used in 
combination With ink jet deep-color ink having a relatively 
large coloring material content, the ink jet light-color ink 
comprising at least Water, a Water-soluble organic solvent 
and a coloring material, characterized in that the ink jet 
deep-color ink satis?es the folloWing conditions (1) and (2); 
and the ink jet light-color ink satis?es the folloWing condi 
tions (3) to (5); 

(Conditions) 

[0032] (1) The inkjet deep-color ink comprises at least a 
compound represented by the folloWing general formula (I) 
or a salt thereof as a coloring material, and a content (mass 
%) of the coloring material is 3.0 mass % or more With 
respect to a total mass of the ink jet deep-color ink; 

[0033] (2) A maximum absorption Wavelength (kmax) 
obtained by measuring an absorbance of deep-color ink 
prepared by diluting 2,000 times the ink jet deep-color ink 
is 612.0 nm or more and 616.0 nm or less; 

[0034] (3) The coloring material comprises a compound 
represented by the folloWing general formula (I) or a salt 
thereof, and a content (mass %) of the coloring material is 
0.5 mass % or more and less than 3.0 mass % With respect 

to a total mass of the ink jet light-color ink; 

Y 

[0035] (4) A content (mass %) of 2-pyrrolidone in the 
Water-soluble organic solvent is 50.0% or more With respect 

to the content (mass %) of the coloring material; 

[0036] (5) A maximum absorption Wavelength (kmax) 
obtained by measuring an absorbance of light-color ink 
prepared by diluting 2,000 times the ink jet light-color ink 
is 608.0 nm or more and 613.0 nm or less; 



US 2006/0119682 A1 Jun. 8, 2006 

General formula (I): 

— (SO3M)1 

— (SO2NH2)m 

— R 

N _ < \ I / 
R2 SOZNHCHZCHZNH \ / N 

N 4< 
Y n 

wherein M represents an alkali metal or ammonium; R1 and 
R2 each independently represent a hydrogen atom, a sulfonic 
group, or a carboxyl group (provided that R1 and R2 are not 
simultaneously a hydrogen atom); Y represents a chlorine 
atom, a hydroxyl group, an amino group, or a monoalky 
lamino or dialkylamino group; 1 represents 0 to 2, m 
represents 1 to 3, and n represents 1 to 3 (provided that 
1+m+n=3 to 4); and positions at which substituents are 
present are 4- or 4'-positions. 

[0037] According to another aspect of the present inven 
tion, there is provided an ink jet light-color ink to be used in 
combination with ink jet deep-color ink having a relatively 
large coloring material content, the ink jet light-color ink 
comprising at least water, a water-soluble organic solvent 
and a coloring material, characterized in that the ink jet 
deep-color ink satis?es the following conditions (1) and (2); 
and the ink jet light-color ink satis?es the following condi 
tions (3) to (5); 

(Conditions) 
[0038] (1) The ink jet deep-color ink comprises at least a 
compound represented by the following general formula (I) 

General formula (I): 

or a salt thereof as a coloring material, and a content (mass 
%) of the coloring material is 3.0 mass % or more with 
respect to a total mass of the ink jet deep-color ink; 

[0039] (2) A maximum absorption wavelength (kmax) 
obtained by measuring an absorbance of deep-color ink 
prepared by diluting 2,000 times the ink jet deep-color ink 
is 612.0 nm or more and 614.0 nm or less; 

[0040] (3) The coloring material comprises a compound 
represented by the following general formula (I) or a salt 
thereof, and a content (mass %) of the coloring material is 
0.5 mass % or more and less than 3.0 mass % with respect 

to a total mass of the ink jet light-color ink; 

[0041] (4) A content (mass %) of 2-pyrrolidone in the 
water-soluble organic solvent is 50.0% or more with respect 
to the content (mass %) of the coloring material; 

[0042] (5) A maximum absorption wavelength (kmax) 
obtained by measuring an absorbance of light-color ink 
prepared by diluting 2,000 times the ink jet light-color ink 
is 608.0 nm or more and 613.0 nm or less; 

i 
Y 
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wherein M represents an alkali metal or ammonium; R1 and 
R2 each independently represent a hydrogen atom, a sulfonic 
group, or a carboxyl group (provided that R1 and R2 are not 
simultaneously a hydrogen atoms); Y represents a chlorine 
atom, a hydroxyl group, an amino group, or a monoalky 
lamino or dialkylamino group; 1 represents 0 to 2, m 
represents 1 to 3, and n represents 1 to 3 (provided that 

General formula (I): 

1+m+n=3 to 4); and positions at Which substituents are 
present are 4- or 4'-positions. 

[0043] According to another aspect of the present inven 
tion, there is provided an ink jet light-color ink to be used in 
combination With ink jet deep-color ink having a relatively 
large coloring material content, the ink jet light-color ink 
comprising at least Water, a Water-soluble organic solvent 
and a coloring material, characterized in that the ink jet 
deep-color ink satis?es the folloWing conditions (1) to (3); 
and the ink jet light-color ink satis?es the folloWing condi 
tions (4) to (6); 

(Conditions) 

[0044] (1) The ink jet deep-color ink comprises at least 
Water, a Water-soluble organic solvent, and a compound 
represented by the folloWing general formula (I) or a salt 
thereof as a coloring material, and a content (mass %) of the 
coloring material is 3.0 mass % or more With respect to a 

total mass of the ink jet deep-color ink; 

[0045] (2) A content (mass %) of 2-pyrrolidone in the 
Water-soluble organic solvent is 50.0% or more With respect 

to the content (mass %) of the coloring material; 

[0046] (3) A maximum absorption Wavelength (kmax) 
obtained by measuring an absorbance of deep-color ink 
prepared by diluting 2,000 times the ink jet deep-color ink 
is 612.0 nm or more and 616.0 nm or less; 

[0047] (4) The coloring material comprises a compound 
represented by the folloWing general formula (I) or a salt 
thereof, and a content (mass %) of the coloring material is 
0.5 mass % or more and less than 3.0 mass % With respect 

to a total mass of the ink jet light-color ink; 

Jun. 8, 2006 

[0048] (5) A content (mass %) of 2-pyrrolidone in the 
Water-soluble organic solvent is 50.0% or more With respect 
to the content (mass %) of the coloring material; 
[0049] (6) A maximum absorption Wavelength (kmax) 
obtained by measuring an absorbance of light-color ink 
prepared by diluting 2,000 times the ink jet light-color ink 
is 608.0 nm or more and 613.0 nm or less; 

y. 
Y 

Wherein M represents an alkali metal or ammonium; R1 and 
R2 each independently represent a hydrogen atom, a sulfonic 
group, or a carboxyl group (provided that R1 and R2 are not 
simultaneously a hydrogen atom); Y represents a chlorine 
atom, a hydroxyl group, an amino group, or a monoalky 
lamino or dialkylamino group; 1 represents 0 to 2, m 
represents 1 to 3, and n represents 1 to 3 (provided that 
1+m+n=3 to 4); and positions at Which substituents are 
present are 4- or 4'-positions. 

[0050] According to another aspect of the present inven 
tion, there is provided an ink set including multiple inks, 
characterized by including the above-described ink jet light 
color ink and the above-described ink jet deep-color ink. 

[0051] According to another aspect of the present inven 
tion, an ink jet recording method is provided including 
ejecting an ink by an ink jet method to perform recording on 
a recording medium, Wherein the ink is the above-described 
ink jet light-color ink. 

[0052] According to another aspect of the present inven 
tion, an ink cartridge is provided including an ink storage 
portion for storing an ink, Wherein the ink is the above 
described ink jet light-color ink. 

[0053] According to another aspect of the present inven 
tion, a recording unit is provided including an ink storage 
portion for storing ink and a recording head for ejecting the 
ink, Wherein the ink is the above-described ink jet light-color 
ink. 

[0054] According to another aspect of the present inven 
tion, an ink jet recording apparatus is provided including an 
ink storage portion for storing ink and a recording head for 
ejecting the ink, Wherein the ink is the above-described ink 
jet light-color ink. 
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[0055] According to the present invention, there can be 
provided an ink jet light-color ink Which is excellent in color 
developability and is capable of achieving compatibility 
betWeen environmental gas resistance and bronZe resistance. 

[0056] According to the present invention, there can be 
provided an ink set, an ink jet recording method, an ink 
cartridge, a recording unit, and an ink jet recording appara 
tus each using the ink jet light-color ink. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0057] FIG. 1 is a vieW shoWing the measurement prin 
ciple of small-angle X-ray scattering method; 

[0058] FIG. 2 is a small-angle X-ray scattering pro?le of 
each of a phthalocyanine-based coloring material and a 
triphenylmethane-based coloring material; 
[0059] FIG. 3 is a conceptual diagram of the dispersion 
distance betWeen molecular aggregates of a phthalocyanine 
based coloring material; 

[0060] 
ratus; 

[0061] FIG. 5 is a perspective vieW of a mechanism 
portion of the recording apparatus; 

FIG. 4 is a perspective vieW of a recording appa 

[0062] FIG. 6 is a sectional vieW of the recording appa 
ratus; 

[0063] FIG. 7 is a perspective vieW shoWing a state in 
Which an ink tank is mounted on a head cartridge; 

[0064] FIG. 8 is an exploded perspective vieW of the head 
cartridge; and 

[0065] FIG. 9 is a front vieW shoWing a recording element 
substrate in the head cartridge. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0066] Hereinafter, the present invention Will be described 
in more detail by Way of preferred embodiments. 

[0067] In the present invention, When a coloring material 
is a salt, the salt is dissociated into ions in ink, but this state 
is represented by using the phrase “contains a salt” for 
convenience. 
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[0068] In the present invention, the content (mass %) of a 
coloring material in light-color ink is 0.5 mass % or more 
and less than 3.0 mass % With respect to the total mass of the 
ink, and the content (mass %) of a coloring material in 
deep-color ink is 3 .0 mass % or more With respect to the total 
mass of the ink. 

[0069] <Ink> 

[0070] Hereinafter, components constituting the ink jet ink 
according to the present invention (hereinafter also referred 
to simply as the ink) and the like Will be described in detail. 

[0071] Among yelloW ink, magenta ink and cyan ink each 
of Which is Widely used as ink jet ink, particularly the cyan 
ink tends to be poor in environmental gas resistance. To cope 
With the problem of the environmental gas resistance in cyan 
ink, the present invention aims at providing cyan ink, 
especially light-color cyan ink in Which, When a recorded 
article obtained by means of the cyan ink is exposed in an 
environment having a temperature of 400 C., a humidity of 
55%, and an oZone gas concentration of 2 ppm for 20 hours, 
the re?ection density at a 50% duty portion of the recorded 
article is 83% or more of the re?ection density at the 50% 
duty portion of the recorded article before the exposure. A 
recorded article obtained by means of yelloW ink and 
magenta ink each of Which is excellent in environmental gas 
resistance has excellent environmental gas resistance With 
Which 83% or more of the re?ection density remains under 
the above exposure conditions. Therefore, the use of each of: 
light-color cyan ink in Which 83% or more of the re?ection 
density remains under the above exposure conditions; and an 
ink set including the cyan ink, in combination With yelloW 
ink and magenta ink each of Which is excellent in environ 
mental gas resistance, achieves excellent image storage 
stability. 

[0072] (Coloring Material) 

[0073] The ink according to the present invention must 
contain a compound represented by the folloWing general 
formula (I) or a salt thereof. The compound represented by 
the folloWing general formula (I) or the salt thereof is a 
phthalocyanine derivative characterized in that it has a cyan 
hue and is excellent in environmental gas resistance. 

General formula (I) 

4. 
Y 
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(In the general formula (I) M represents an alkali metal or 
ammonium; R1 and R2 each independently represent a 
hydrogen atom, a sulfonic group, or a carboxyl group 
(provided that R1 and R2 are not simultaneously a hydrogen 
atom); Y represents a chlorine atom, a hydroxyl group, an 
amino group, or a monoalkylamino or dialkylamino group; 
1 represents 0 to 2, m represents 1 to 3, and n represents 1 
to 3 (provided that l+m+n=3 to 4); and positions at Which 
the substituents are present are the 4- or 4'-positions.) 

[0074] In general, When a phthalocyanine derivative is 
synthesiZed, it often inevitably includes substitution position 
isomers Which are different in positions at Which substitu 
ents Rn (n: l to 16) in the general formula (III) (positions of 
carbon atoms on the benZene rings to Which Rl to R16 are 
bonded are de?ned as 1 position to 16 position, respectively) 
are present. HoWever, in general, the substitution position 
isomers are not distinguished from one another, and are 
often regarded as the same derivative. 

General formula (III) 

[0075] The coloring material used in the present invention 
is a phthalocyanine derivative obtained by selectively intro 
ducing a sulfonic group, an unsubstituted sulfamoyl group 
(iSOZNHZ), or a substituted sulfamoyl group (a group 
represented by the general formula (IV)) to only at each of 
4-positions and 4'-positions in the general formula (I) (R2, 
R3, R6, R7, R10, R11, R14, and R15 in the general formula 
(III)) and setting the number of substituents to 3 to 4. The 
inventors of the present invention have found that a recorded 
article obtained by means of ink containing such compound 
is extremely excellent in environmental gas resistance. 

[0076] The compound represented by the general formula 
(I) or the salt thereof used in the present invention is 
synthesiZed by using, as a raW material, a phthalocyanine 
compound obtained by reacting a 4-sulfophthalic acid 
derivative, or a 4-sulfophthalic acid derivative and a phthalic 
(anhydride) derivative, in the presence of a metal compound. 
The compound or the salt thereof is obtained by converting 
a sulfonic group in the phthalocyanine compound into a 
chlorosulfonic group Which is then alloWed to react With an 
aminating agent in the presence of an organic amine. 
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General formula (IV) 

Y 

[0077] Preferable examples of the substituted sulfamoyl 
group represented by the general formula (IV) are shoWn 
beloW. The substituted sulfamoyl group used in the present 
invention is not limited to them. The substituted sulfamoyl 
group represented by the general formula (IV) is shoWn in 
the form of a free acid. 

Exemplifled substituent 1 

H038 

NHZ 
Exemplifled substituent 2 

H038 

NHCH2CH2SO3H 
Exemplifled substituent 3 

H038 

Q. so3 

OH 
Exemplifled substituent 4 

HN 

N:< 

COOH 

HN 

N:< 
— SOZNHCHZCHZNH ‘<\ / N COOH 

H 
NHCHZCHZOH 
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-continued 
Exemplified substituent 5 

H038 

N— CHZCOOH 

CHZCOOH 
Exemplified substituent 6 

H038 

NHCHZCHZOH 
Exemplified substituent 7 

H038 

CHZCHZOH 

[0078] Of those, a compound substituted by Exempli?ed 
Substituent 1 above, that is, a compound represented by the 
following general formula (II) or a salt thereof is most 
preferable from the vieWpoint of the balance betWeen color 
developability and environmental gas resistance. 
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(In the general formula (II), M represents an alkali metal or 
ammonium; 1 represents 0 to 2, m represents 1 to 3, and n 
represents 1 to 3 (provided that l+m+n=3 to 4); and posi 
tions at Which the substituents are present are the 4- or 

4'-positions.) 

[0079] HoWever, even in such a compound as represented 
by the general formula (I) used in the present invention in 
Which the number of substituents is 3 to 4, that is, l+m+n=3 
to 4 and the substitution position is limited to 4- or 4'-po 
sitions, a large number of isomers are present as shoWn in 
Tables 1 and 2 beloW, Which are different from each other in 
the number of each of a sulfonic group (iSO3M), an 
unsubstituted sulfamoyl group (iSO2NH2), and a substi 
tuted sulfamoyl group (a group represented by the general 
formula (IV)), each of Which is a substituent With Which the 
phthalocyanine skeleton is substituted. The compound rep 
resented by the general formula (I) or the salt thereof is a 
mixture of those isomers, and it has been con?rmed that 
even compounds having the same structure are greatly 
different in their properties depending on the number and 
kinds of isomers. A difference in aggregation properties 
betWeen coloring materials may be cited as one example of 
the properties. 

TABLE 1 

The number of substituents, the positions of 
substituents and the kinds ofisomers (for l + m + n = 4) 

Sub stituted 
11 Ifamovl group 

Unsubstituted 
Sulfonic group sulfamoyl group 

4 4' 4' 4' 
position position 4position position 4position position 

General formula (II) 

M038 

HN 

4. 
4/< 
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TABLE l-continued 

The number of substituents, the positions of 
substituents, and the kinds of isomers (for l + m + n = 4) 

Sulfonic group 

Unsubstituted 

sulfamoyl group 
Substituted 

sulfamoyl group 

4 41 

position position 4position position 4position position 
41 41 
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[0080] 

TABLE 2 

The number of substituents, the positions of 
substituents, and the kinds ofisomers for l + m + n = 3 

Unsubstituted 
sulfamovl group 

Sub stituted 
Sulfonic group sulfamovl group 

4 4' 4 4' 4 4' 
position position position position position position 

OOOOHHr-‘HOOOOOOOOOOOO >—‘>—‘>—‘>—‘OOOOOOOOOOOOOOOO OOHr-‘OOHHOOHHNNOOOHr-‘r-l r-‘HOOHr-‘OONNHr-‘OOHr-‘r-‘OOO OHOHOHOHOHOHOHOHNOHN HOHOHOHOHOHOHONHONHO 
[0081] In general, a phthalocyanine-based coloring mate 
rial has higher aggregation properties than that of coloring 
materials having other structures (for example, a triphenyl 
methane-based, aZo-based, or xanthene-based coloring 
material). The enhancement of the aggregation properties 
elevates fastness. Meanwhile, coloring material having high 
aggregation properties shoWs high aggregation properties 
also in ink. Therefore, When an image is printed on a 
recording medium by using such coloring materials, the 
bronze phenomenon tends to remarkably occur to loWer 
image quality. 
[0082] In contrast, When a coloring material has signi? 
cantly loW aggregation properties, the fastness properties 
(especially environmental gas resistance) of the coloring 
material deteriorate. Therefore, the recorded article obtained 
by using an ink containing such a coloring material may be 
unable to obtain image storage stability at the same level as 
yelloW ink and magenta ink Which are excellent in environ 
mental gas resistance. 

[0083] Accordingly, When the compound represented by 
the general formula (I) or the salt thereof is used as a 
coloring material, the aggregation properties of the coloring 
material must be controlled in such a manner that the 
occurrence of the bronze phenomenon can be suppressed 
and desired environmental gas resistance can be obtained. 

[0084] [Measurement of Aggregation Properties of Color 
ing Material] 
[0085] A small-angle X-ray scattering method is appli 
cable to the measurement of the aggregation properties of a 
coloring material used in the present invention. 

[0086] As described in, for example, “Saishin Colloid 
Kagaku” (Latest Colloid Chemistry) (Kodansha Scienti?c, 
Fumio Kitahara and Kunio FurusaWa) and “Hyomen Jotai 
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and Colloid Jotai” (Surface State and Colloid State) (Tokyo 

Kagaku DoZin, Co., Ltd., Masayuki Nakagaki), the small 
angle X-ray scattering method is an approach that has been 

generally used for calculating a distance betWeen colloid 

particles in a colloidal solution. 

[0087] The outline of a small-angle X-ray scattering appa 
ratus Will be described With reference to FIG. 1 shoWing the 

measurement principle of the small-angle X-ray scattering 
method. The focal spot siZe of each of X-rays generated 

from an X-ray source 10 is reduced to about several milli 

meters during the passing of the X-rays through a ?rst slit 11, 

a second slit 12, and a third slit 13, and then a sample 

solution 14 is irradiated With the X-rays. The X-rays With 

Which the sample solution 14 is irradiated are scattered by 

particles in the sample solution before the X-rays are 

detected on an imaging plate 15. Since the scattered X-rays 

interfere With each other because of an optical path differ 

ence betWeen them, a distance d value betWeen particles can 

be determined on the basis of Bragg equation (the folloWing 

expression (1)) by means of the resultant 0 value. The d 

value to be determined here is considered to be a distance 

from the center of a particle to the center of an adjacent 

particle, the particles being arranged at a constant interval. 

(In the expression (1), 7» represents the Wavelength of an 
X-ray, d represents the distance betWeen particles, and 0 
represents a scattering angle.) 

[0088] 
pro?le When particles in a solution are not regularly 

In general, no peak occurs in a scattering angle 

arranged. In the case of an aqueous solution of the coloring 

material (phthalocyanine-based coloring material) used in 
the present invention, a strong peak having the maximum 

value in the range of 20=0o to 5° is detected, and particles 

(molecular aggregates) formed by aggregation of phthalo 
cyanine-based coloring material molecules are found to be 

arranged by a certain regulation. FIG. 2 shoWs the scattering 

angle pro?le in a 10-mass % aqueous solution of each of a 

triphenylmethane-based coloring material having a structure 

represented by Compound (1) beloW and a phthalocyanine 
based coloring material having the structure represented by 
the general formula (I). FIG. 2 shoWs that phthalocyanine 
based coloring materials speci?cally have scattering angle 
peaks even When they have the same cyan hue. In other 

Words, several phthalocyanine molecules aggregate in an 

aqueous solution of a phthalocyanine-based coloring mate 

rial to form molecular aggregates. In addition, the distances 

betWeen the molecular aggregates have such a constant 

distribution as may be represented by a scattering angle 

pro?le. 
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Compound (1) 

[0089] 
betWeen molecular aggregates of a phthalocyanine-based 

FIG. 3 is a schematic vieW of a dispersion distance 

coloring material. As shoWn in FIG. 3, the radius of a certain 

molecular aggregate of the phthalocyanine-based coloring 
material is denoted by r1 and a distance betWeen molecular 

aggregates is denoted by d1. Assuming that d1 is alWays 
constant When the structure of the phthalocyanine-based 

coloring material remains unchanged, the d value measured 
by a small-angle X-ray scattering method is considered to 
increase from d2 to d3 as the radius of the molecular 

aggregate formed by the phthalocyanine-based coloring 
material increases from r1 to r2. Accordingly, the d value 

measured by the above method is considered to be an 

indication of the siZe of the molecular aggregate of the 

phthalocyanine-based coloring material, and the siZe of the 
molecular aggregate formed from coloring material mol 
ecules is considered to increase as the d value increases. 

[0090] 
value in ink containing a phthalocyanine-based coloring 

Investigation into the relationship betWeen the d 

material and the bronZe phenomenon has revealed that in the 

case of phthalocyanine-based coloring materials represented 
by the same structural formula, the bronZe phenomenon is 
more likely to occur as the d value is larger. Taking into 

consideration the fact that the bronZe phenomenon occurs 

oWing to the aggregation of coloring material molecules on 

a recording medium, it has been supported that there is the 
correlation betWeen the d value described above and the siZe 

of a molecular aggregate. 

[0091] A peak shape in a scattering angle pro?le indicates 
the distribution of a distance betWeen molecular aggregates, 

that is, the distribution of the dispersion distance betWeen 

the molecular aggregates. Taking into consideration the 




































